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Aminopeptidase and Caseinolytic Activities of Mycoplasma salivarium. T. Wa-
tanabe, M. Totsuka, K. Shibata. Nagasaki University School of Dentistry, Naga-
saki, Japan
All human Mycoplasma species possess caseinolytic activity. However, it is unknown which
types of proteinases contribute to the activity. Aminopeptidase activity has already been
demonstrated to exist in Ureaplasma urealyticum and some human Mycoplasma species [Vin-
ther, Black, 1974]. The purpose ofthis study was to examine whether aminopeptidase activity
was present in Mycoplasmasalivarium and whether the activity, ifpresent, was correlated with
caseinolytic activity.
Crude Enzymes (CE): CE were M. salivarium (ATCC 23064) cells disrupted by sonication
and lyophilized and, when used, were suspended in 0.1 M borate buffer, pH 8.0 (CES).
Peptidase Activity Assay by Spectrophotometry: The reaction mixtures consisting of CES
and L-leucine-p-nitroanilide (NA) (LNA), L-alanine-p-NA (ANA) or N-acetyl-ANA were
incubated at 37°C and the supernatants of the reaction mixtures were read in a spectropho-
tometer at 405 nm.
CE hydrolyzed ANA, but did not hydrolyze N-acetyl-ANA; CE hydrolyzed LNA far more
readily than ANA. Therefore, in the following experiments, LNA was used as a substrate for
aminopeptidase activity assay.
Peptidase Activity Assay by Thin-Layer Chromatography: The reaction mixtures consisting
ofCES and L-leucyl-L-alanine (L-A), di- (Ala2), tri- (Ala,), tetra- (Ala4) peptides of L-alanine,
N-acetyl-Ala3 or -Ala4 were incubated at 37°C for two hours. The supernatants were spotted
on silica plates and developed in n-butanol-acetone-acetic acid-water.
CE hydrolyzed Ala2, Ala3, Ala4, and L-A completely but liberated only trace amounts of
alanine from N-acetyl-Ala3 and -Ala4.
Thus, CE were shown to contain aminopeptidases and it was also suggested that they possess
weak carboxypeptidase or endopeptidase activity.
Optimum pH: The optimum pH for aminopeptidase activity was 8.5, which was quite close
to that for caseinolytic activity, 8.0.
Column Chromatography: CES were supplemented with 0.5 percent sodium deoxycholate,
allowed to stand at 4°C overnight, and centrifuged at 100,000 g for two hours. The super-
natants (3.7 ml, 9.3 mg proteins) were applied to a Sephacryl S-300 column equilibrated and
eluted with the same buffer at a flow rate of 9.5 ml per hour.
The soluble fractions were divided into two fractions: one containing aminopeptidase activ-
ity (Ap Fr.; molecular weight, approximately 400,000) and the other caseinolytic activity (Ca
Fr.; molecular weight, approximately 250,000).
Substrate Specificity: Substrate specificity of Ap and Ca Fr. was tested using LNA,
L-arginine-p-NA, L-lysine-p-NA, L-glycine-p-NA, L-proline-p-NA, and ANA as substrates.
Consequently, it was found that Ap Fr. had a strong affinity for leucine and arginine, while Ca
Fr. did not have for any of these substrates.
Effects of Some Chemicals: Of all chemicals tested (elastinal, chymostatin, pepstatin,
leupeptin, phosphoramidon, antipain, diisopropyl fluorophosphate, phenylmethyl sulfonyl
fluoride, o-phenathroline, iodoacetic acid, 2-mercaptoethanol, MnCl2, MgCl2, CaCl2, and
CoC12), o-phenathroline inhibited 54 percent aminopeptidase activity ofAp Fr. and 74 percent
caseinolytic activity of Ca Fr. Mn" stimulated aminopeptidase activity but not caseinolytic ac-
tivity.
Conclusions: M. salivarium cells were found to contain aminopeptidases, which had a strong
affinity for leucine and arginine and were activated by Mn", and some other types of pro-
teinases which might be also metalloproteinases.
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All rights of reproduction in any form reserved.Characterization of a Spiroplasma Virus. M.J. Dickinson, R. Townsend, S.J. Cur-
son. John Innes Institute, Norwich, England
A Spiroplasma virus which has a morphology characteristic of the SV3 group has been
isolated from a plant infected with Spiroplasma citri. The purified virus inifects several dif-
ferent isolates of S. citri, producing a range of plaque types.
The virus absorbs slowly to host cells and a single particle is sufficient to initiate an infec-
tion. Infectious virus is present in cells five hours after infection but is not released until two
hours later. Virus release appears to occur as a single burst which liberates about 30 virions.
The virus is moderately stable at 50°C and is resistant to non-ionic detergents and chloroform.
Virus purified by centrifugation in CsCl gradients contains seven proteins as resolved by
SDS polyacrylamide gel electrophoresis. The two major bands are at 67 K daltons and 43 K
daltons. The pattern of proteins is significantly different from that of SV3/ASP-9 (AV9/3)
[Stephens: 1980 Ph.D. Thesis, University of East Anglia] or that reported for SV3/608 [Cole,
Mitchell, Garon: Science 198:1262, 1977].
DNA from purified virus is double-stranded and forms three bands in agarose gel elec-
trophoresis compared with the single 14 M dalton band reported for SV3/ASP-9 and SV3/608.
These bands appear to be due to a linear molecule of 10.3 M daltons whichl can circularize due
to cohesive ends to form concatamers and open circles. Some evidence for this structure has
been obtained. Southern blotting has shown that all three bands have extensive sequence
homology. Single-strand specific S, nuclease digests the circular and concatameric forms to
leave only linears, since the cohesive ends are not covalently closed, leaving a single-stranded
gap. Digestion with restriction enzymes having a single cutting site in the molecule cleaves the
linear molecule into two fragments and converts the circle into a full-lengtlh linear molecule. S,
nuclease can then convert this linear into the two fragments.
The cohesive end structure suggests that the virus might have the capacity to lysogenize its
host. Preliminary studies indicate that lysogenization may occur at low frequency, giving rise
to spiroplasmas which are resistant to re-infection andthemselves release virus at a low frequency.
Use of DNA-RNA Hybridization to Determine Transcription in Three Genera in the
Class Mollicutes. G.S. Aulakh. Laboratory of Oral Medicine, National Institute of
Dental Research, National Institutes of Health, Bethesda, MD E.B. Stephens.
Mycoplasma Branch, Division of Bacterial Products, Bureau of Biologics, Food
and Drug Administration, Bethesda, MD J.G. Tully. Mycoplasma Section, Lab-
oratory of Molecular Microbiology, NIAID Frederick Cancer Research Center,
Frederick, MD M.F. Barile. Mycoplasma Branch, Division of Bacterial Products,
Bureau of Biologics, Food and Drug Administration, Bethesda, MD
In this study, we determined the transcription of the DNA genome of representative species
of three genera in the class Mollicutes using DNA-RNA hybridization kinetic analysis by
hydroxyapatite column chromatography. The RNAs from log phase cultures of S. citri, M.
capricolum, andA. laidlawii were isolated and hybridized in excess (12.8, 6.4, or 3.2 mg/ml) to
their homologous DNAs which were labeled in vitro to high specific activity (1.5 to 2 x107
cpm/jg of DNA) using the nick translation method. The three 3H-DNA probes hybridized
over 80 percent to their homologous DNA which was normalized to 100 percent for compari-
son purposes. The normalized saturation hybridization values obtained for S. citri, M. capri-
colum, and A. laidlawii were 36, 38, and 40 percent, respectively. Assuming that only the
positive strand of DNA is completely transcribed into RNA, then the maximum theoretical
amount of DNA-RNA hybridization that could be achieved is 50 percent. Therefore, the
percentage of genome transcribed into RNA for each of these species varies between 72 to 80
percent which is much higher than E. coli which was shown to transcribe 20 percent of the
genome. In mycoplasmas, the remaining 20 to 28 percent of the genome is not transcribed and
may be involved into the regulatory control functions. To demonstrate RNA specific hybrid-
ization, the 3H-DNA probe of each species did not react to homologous RNA preparations
which were hydrolysed in 0.3N NaOH for 18 hours at37°C. Because RNA is alkaline labile,
hybridization was due to RNA and not contaminating DNA. The results presented demon-
strate that the same level of transcription occurred among all three genera of mycoplasmas
even though thegenome size ofM. capricolum is one-half that ofA. laidlawii and S. citri. If we
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imately 400 amino acids, then it would require a DNA segment 1,200 nucleotides long to code
for each protein. Based on these assumptions, M. capricolum has potential information to
code for 625 proteins whereas A. laidlawiiand S. citri can code for 1,250, and E. coli for 3,500
proteins. Our transcription data show that the DNAs of M. capricolum, S. citri, and A. laid-
lawii transcribe for 475, 950, and 1,000 genes, respectively. It is of interest that these three
genera belonging to the same class of organisms, have different genome sizes, but can each
transcribe for a similar percentage of their genomes. The M. capricolum genome has a molec-
ular weight of 5 x 101 daltons and is among the smallest of free-living organisms. Based on our
findings, the data would indicate that a free-living organism would require approximately 475
genes to maintain essential life functions. This figure of 475 genes is the smallest number of
genes reported for an organism, to the best of our knowledge. It has been calculated that E.
coli transcribes about 700 genes; i.e., 20 percent of the 3,500 potential genes. It was surprising
that twice the number of genes were transcribed in S. citri and A. laidlawii than in M.
capricolum, and that A. laidlawii and S. citri can transcribe for from 250 to 300 more genes
than can E. coli, in spite of the fact the E. coli genome is more than twice the genome size of S.
citri and A. laidlawii.
Isolation of Mycoplasmas from a Tench ( Tinca tinca L.) H. Kirchhoff, R. Rosen-
garten, C. Chercheletzi. Institut fur Mikrobiologie und Tierseuchen, Tierarztliche
Hochschule Hannover, Federal Republic of Germany
Tissues from throat, gills, and intestine of 24 fishes belonging to different species were in-
vestigated for mycoplasmas using several media and different culture conditions. Mycoplasma-
like colonies were observed a few times but cultivation in further passages was possible in one
case only, with an isolate from the gills of a tench (Tinca tinca L.) at an incubation
temperature of 25°C, using medium of the following composition: PPLO broth (Difco),
16.8 g; horse serum, 200 ml; fresh yeast extract (50 percent), 10 ml; DNA, 0.02 g; penicillin,
2,000 IU/ml; thallium acetate (1.25 percent), 10 ml; and distilled water, 800 ml.
The isolated organisms show the typical characteristics of mycoplasmas. They are pleomor-
phic, pass through membrane filters of 450 nm and even 220 nm, and did not revert to a bac-
terium during 12 consecutive subcultures in medium free of inhibiting substances. Using thin
sectioning electron microscopic procedures, it appeared that the organisms lack a cell wall and
are bounded by a single membrane. TheG + C content, determined by isopycnic gradient cen-
trifugation, was between 22.4 and 24.7 percent. On suitable medium the typical fried-egg
colony form developed.
The single cells of the isolated organisms are flask-shaped with a distinct head-like structure
resembling those observed by M. pneumoniae, M. gallisepticum, and M. alvi. The head-like
structure is hemispherical or triangular and somewhat thickened.
The growth characteristics of strain 163 K are summarized in Table 1, the biochemical
characteristics in Table 2.
The most exciting property of the isolated organisms is their fast gliding motion on glass sur-
TABLE 1
Growth characteristics of Mycoplasma sp. strain 163 K
No growth on serum-free medium
Weak growth on blood agar
Growth at temperatures from 17°C to 37°C
Optimal growth at 25°C
Growth under aerobic and anaerobic conditions
Tendency to aggregate in fluid medium (flocky growth)
Formation of microcolonies in the depth of 1 percent agar
medium
Formation of colonies at the bottom of the agar plate
after migrating through agar
Ability to attach to glass surfaces
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Biochemical characteristics ofMycoplasma sp. strain 163 K
Partial sensitivity to 5, 10, and 20 percent polyanethol-
sulfonate
Sensitivity to I percent digitonin
Fermentation of glucose
No hydrolysis of arginine
Production of film and spots
Hemolysis of erythrocytes from cattle and sheep
Hemadsorption of erythrocytes from cattle,
sheep, and horse
faces. The velocity rate is 3-7 Am/sec and this is much faster than the motility of the other
known motile mycoplasmas. Movement occurs only in the direction of the head-like structure
and is not interrupted by resting periods. Organisms are also able to migrate in I percent agar
medium.
New Aspects of the Electrical Properties of Mycoplasma Membranes. Ulrich
Schummer, Hans-Gerd Schiefer. Institut fur Medizinische Mikrobiologie, Justus
Liebig Universitat, Giessen, Federal Republic of Germany
Both potassium and sodium ion diffusion potentials significantly contribute to mycoplasma
membrane potential, whereas chloride ions are freely permeable through mycoplasma mem-
branes and distribute according to Donnan equilibrium [Schummer U, Schiefer H-G: submitted
for publication]. A distinct mutual influence of K+ and Na' fluxes exists across mycoplasma
membranes. By fluorescence measurements, we observed that, in case no Na+ is present in the
media, the mycoplasma membrane diffusion potential induced by valinomycin remained un-
changed for at least one hour, and K' did not reach true Donnan equilibrium. When we fol-
lowed transmembrane cation fluxes by atomic absorption spectrophotometry [Schummer U,
Schiefer H-G: Biochim Biophys Acta 600:993, 998, 1980], we found that K+ diffusion induced
by addition of valinomycin to mycoplasmas suspended in media containing Na+ strongly
depended upon external [K+] (Fig. 1). When[K+Jext was lower than[K+Jcrit, massive K+ diffusion
occurred, and [K+i] was proportional to [K+JX, according to the equation [K+Jnt = Iexp (-F.
A*/R * T)j * [K+Jext, as expected and required for Donnan equilibrium. When, on the othler
hand, [K+Jext was higher than [K+cr,it, no increase of K+ diffusion and therefore no increase of
Kljnt was induced by addition of valinomycin, as compared to untreated mycoplasmas.
The results ofmore detailed experiments are schematically presented in the diagram (Fig. 2).
In the absence of Na+, low efflux or influx rates of K+ occur whether[K+]ext is lower or higher
KN gM-4
[K Icrit
0.10
/
0jY FIG. 1. Normalized potassium ion
0.05 concentration (M per g wet weight) is
plotted vs. external potassium ion con-
centration. * --*0, untreated
Mycoplasma mycoides subsp. capri;
O-0- 0, mycoplasmas after treat-
ment with valinomycin (0.5 gM, 15
10 20 30 40 50 [K+6xfmM 4 minutes).
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1K]ext<K< cr,it |KI.ext > [K']crit
NaK FIG. 2. Schematic diagram ofion fluxes across
(uI cii mycoplasma membranes for [KJext < [K]c,. and [KJ]eXt > [K*Jcrit in absence and presence o
sodium ions.
than[K+]crt. In the presence of Na', both massive K+efflux and massive Na+ influx occur in the
case [K]ext lower than [K+Jcrit, whereas in the case [K+Jext higher than [Klcrit, only low influx of
both ions is observed.
In order to explain these rather embarrassing results, we offer the following considerations:
Let us assume that K+ is not in Donnan equilibrium. Then a flux of K+ occurs when the
mycoplasma membrane is rendered permeable to K+ by addition of valinomycin. By diffusion
of K+, the membrane potential is changed in a direction which counteracts K+ flux. A quasi-
stationary Donnan equilibrium obtains. The corresponding potential is given by a;(t) =
- (R * T/F) * In [[K+ (t)]int/[K+lexd . Since K+ flux changes the actual [K+(t)]j,,t with time,
A6 (t) changes with time toward stationary Donnan potential. Ion flux necessary to establish
the potential Ao(t) according to the quasi-stationary Donnan equilibrium can be estimated if
ohmic behavior of the system is assumed, and the resistance ofthe membrane is known. Then:
I = U/R; I = Q/t = Ni * Zi * eo/t, with Q = Ni * Z, * eo. With U = A1o -^ ,6(t), and Z, =
1, one arrives at Nilt = [Ato - Aq(t)]/ eo, * R. N, denotes number of ions; Z,, valency of
ions; eoelementary charge. Since specific membrane resistance is high, i.e., in the range of 1 kg
cm2, the flux of ions which is necessary to establish a change of membrane potential of, e.g.,
-50 mV, is very low (about 5 fM per hour). According to these considerations, ion flux is
mainly determined by the electric resistance rather than by the correspondent permeability
coefficient across the membrane. One can readily understand that, under these conditions,
Donnan equilibrium cannot be reached within a reasonable time.
If [K+Jext is lower than [K+]crit, and if an excess of Na+ is present outside the cell, K+ readily
reaches Donnan equilibrium since Na+ is exchanged for K+. This Na+- K counterflux is driven
by the concentration gradient and, per saldo, does not contribute to the membrane potential.
Then the membrane inferior permeability for Na+ is the flux-limiting parameter.
If [K+Jext is higher than [K+]crit, and if an excess of Na+ is present outside the cell, the flux of
K+ occurs in the same direction as the flux of Na+. Then an electroneutral ion counterflux can-
not occur, and again Donnan equilibrium cannot be reached within a reasonable time.
Characterization of Bovine Mycoplasmas Using Acid Metabolism. R.W. Bide, E.V.
Langford. Agriculture Canada, Animal Diseases Research Institute, Lethbridge,
Alberta, Canada
Patterns of acid metabolism were compared in eight species of bovine mycoplasmas to pro-
vide data for the development of metabolic tests.
Mycoplasmas were grown (four days) in inhibitory horse serum broth (IHSB) [1] supple-
mented with one ofacetate, propionate, n-butyrate, n-valerate, lactate, succinate, glucose, and
fructose at 1 g/l or 10 g/l ofarginine. Organism numbers wereestimated on days 0, 2, and 4 by
serial dilution titration. Samples were collected daily for analysis ofC2-C5 acids (VFA), lactate,
and succinate by gas chromatography, reducing substances (sugars) by ferricyanide reduction,
and NH3 by the phenate/hypochlorite method.
With the exception of propionate, sterile solutions of supplements were stable for long
periods. Propionate utilization may be assessed with fresh solutions.
All cultures, initiated with < 106/ml organisms, showed rapid growth by day 2 and were
static or senescent by day 4. The substrates and metabolites which were altered by mycoplas-
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acetate +++ + * + + +
propionate +- _ + . +_ +
butyrate
valerate
lactate _ + ++++
succinate
glucose + ++ ++
maltose + ++ ++
fructose + +
sucrose + + * +
NH3 + + + FIG. 1. Metabolic response with argin. . . . . . added substrates.
mas are noted below. Levels ofother substances were not affected by incubation ofIHSB with
or without organisms.
Acholeplasma laidlawii used n-butyrate and n-valerate, produced small amounts (1 mM) of
lactate without added sugars and stoicheometric amounts from glucose and fructose.
Mycoplasma bovigenitalium produced only small amounts ofacetate (3 mM). M. verecundum
produced NH3 but not from arginine and produced small amounts of acetate (2 mM) and lac-
tate (I mM). M. bovis (Donetta) produced large amounts of acetate (14 mM) and used lactate
and succinate. M. bovirhinis used glucose and fructose, produced small amounts of acetate (2
mM) and lactate (4 mM) without sugars and stoicheometric amounts of lactate from glucose.
Mycoplasma sp. Leach type 7 produced acetate (5 mM), usedpropionate and glucose, and pro-
duced and then used lactate. M. canadense produced small amounts of acetate (1 mM). M.
gateaeproduced and then used small amounts ofpropionate. M. canadenseandM. gateaepro-
duced NH3 (9 mM) in cultures without arginine; with arginine, NH3 was produced rapidly,
resulting in high, lethal pH.
The Mycoplasmas investigated had distinct metabolic patterns (Fig. 1) which suggest four
areas which may be exploitable for metabolic tests; (1) NH3 production without arginine;
(2) fructose utilization using a sugar assay; (3) VFA production/use with added acetate, buty-
rate, and valerate; (4) lactate production/use with added lactate and glucose. Further studies
are needed to evaluate the suggested tests with these and other strains of mycoplasmas.
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Unique Characteristics of the Y32 Group of Spiroplasmas (Group VI) Recovered
from Ixodespacificus Ticks. David L. Rose, Joseph G. Tully, Robert F. Whitcomb,
David L. Williamson, Joseph M. Bove. NIH, Frederick, MD; Department of
Agriculture, Beltsville, MD; State University ofNew York, Stony Brook, NY; Insti-
tut National Recherche Agrononique, Bordeaux, France
Eight spiroplasma strains were isolated from Ixodes pacificus ticks collected in Oregon
(U.S.A.) in March of 1981. All isolations were made in SP-4 medium after incubation periods
of from 20 to 45 days at 30°C. All members ofthis group tended to occur as non-helical forms
at all stages of the growth cycle. Examination by darkfield microscopy revealed filamentous
organisms frequently occurring in clumps. Occasionally filaments were observed to become
helical for a short period of time. Electron microscopy of the cultures showed primarily non-
helical filaments with some normal helices and a few verytightly coiled organisms. Colonies on
SP-4 agar containing 0.8 percent Noble agar had typical "fried egg" morphology, reflecting aFREE PAPERS 845
lack of normal spiroplasma motility. On solid medium containing 2.25 percent agar we never
saw "fried egg" type colonies. Colonies on this medium were granular and consisted primarily
of surface growth.
Growth of these organisms was strongly affected by different lots of fetal bovine serum.
Eighteen lots ofserum were tested from five different sources. The titer ofthe culture varied by
as much as six logs between lots, indicating that some ofthe lots would probably have been uni-
satisfactory for primary isolation of these strains. The fresh yeast extract and yeastolate corn-
ponents of the SP-4 medium appeared to be required for adequate growth of the cultures in
early passage. Growth of the cultures occurred between 20 and 32°C with onlymarginalgrowth
at 37°C. The optimum temperature appeared to be 30°C.
The cultures fermented glucose but did not appear to hydrolyze eitlher arginine or urea. Tests
for phosphatase, film and spot reaction, and serum liquifaction were negative. The test for
tetrazolium reduction gave a weak positive reaction. All strains of the Y32 group of spiroplas-
mas hemadsorb guinea pig erythrocytes. This property has not been observed with other spiro-
plasma groups currently recognized. Young colonies (10-14 days) were usually completely
covered by erythrocytes while older colonies hemadsorb mainly on the peripheral growth.
Serologically all of the Ixodes isolates are very similar, but are distinct from other groups of
spiroplasmas when compared by growth inhibition, deformation, or metabolic inhibitioni.
Guinea Pig Complement Inhibits Growth of Ixodes Tick-Derived Y-32 Spiro-
plasmas. David L. Williamson. State University of New York, Stony Brook, NY
Joseph G. Tully. NIAID, Frederick Cancer Research Center, Frederick, MD
The standard procedure for conducting the spiroplasma metabolism inhibitioni (MI) test calls
for the addition of guinea pig complement (GPC) to a final concentration of 2 percent in tlle
reaction wells. When the Y-32 strain (Clone 318) of spiroplasmas recently isolated from Ixodes
pacificus ticks was tested in homologous MI tests, no spiroplasma growthl occurred in any of
the dilution wells, as indicated by the failure of the pH indicator phenol red to shlift from the
basic red to the acid yellow color. It appeared as though tlle anti-Y-32 titer was greater thall
118,000, the final dilution ofantiserum used in the test. However, even greater dilutions ofan-
tiserum did not permit spiroplasma growth. When GPC (Cappel Labs, Downinigtown, PA, Lot
11531) was omitted from the wells, typical MI titers were obtained (13,000 to 39,000, depend-
ing on the spiroplasma dilution employed in the test). Even a 2 percent solutioni of GPC alone,
i.e., without the presence of anti-Y-32 antibody, prevented the growth and metabolism of the
Y-32 spiroplasmas. GPC that had been heated at 56°C for 30 minutes also totally inhlibited
spiroplasma growth.
Using a 10-2 dilution ofY-32 spiroplasmas that had been grown in a batch culture, aliquoted,
and frozen at - 70°C, as our antigen, titration ofthe inhibitoryactivity ofheated and unlleated
GPC both produced threefold dilution titers of 1,458. Titers of this lot of GPC tested against
the same dilution of frozen Y-32 spiroplasmas ranged from 1,458 to 13,122 in different tests.
Another strain of these tick-derived spiroplasmas, Y-43 (Clone 211), was also inllibited by
GPC. Threefold dilutions of GPC tested against dilutions ofthe Y-43 strain produced titers of
6 for undiluted (100), 54 for the 10-1 dilution, 486 for the 10-2 dilution, and 1,458 for the 10-3
dilution of a frozen aliquot of a batch culture of Y-43 spiroplasmas.
GPC obtained from four other commercial sources (International Scientific Industries,
Cary, IL; Dutchland Labs, Denver, PA; Colorado Serum Company, Denver, CO; and
Baltimore Labs, Cockeysville, MD) respectively gave threefold dilution titers of 4,374, 4,374,
4,374, and 486 against the 10-2 dilution of Y-32 spiroplasmas. Sixteen individual guinea pig
serum samples from the National Institutes of Health tested in threefold dilutions against Y-32
spiroplasmas had titers ranging from 18 to 1,458.
To determine whether the inhibition was characteristic of only guinea pig serum or might
also be present in complement from other mammals, the following heated and unheated sera
were tested (all sera obtained from Cappel Labs, Downingtown, PA): rat, goat, hamster, and
rabbit. Only unheated rat and goat complement had low-level inhibitory activity (titers ofbotlh
= 18) but which was not present at the same dilution when the rat and goat complements were
heated. Two sources of fresh human serum were also tested and neither showed any inhlibitioni
of Y-32 spiroplasma growth. However, both human sera, wheni added as a source of comple-
ment (2 percent final) in a standard MI test of Y-32 spiroplasmas against homologous anti-
body, raised the antibody titer from 13,222 when either hieated humani serum was added orwhen no human serum was added, to 1,062,882 when unheated human serum was added.
An attempt was made to remove the inhibitory activity from a 1:243 GPC dilution by ab-
sorption with a pellet of Y-32 spiroplasmas. When this dilution was tested, its MI titer actually
increased by one threefold dilution, an effect that was not present in a heated sample of the
same absorbed dilution.
Whole GPC was dialyzed (12,000 MW cutoff) for 24 hours at 4°C against phosphlate buf-
fered saline. Both dialyzed and undialyzed GPC had identical titers of 1,458 against Y-32
spiroplasmas.
At the present time we do not understand the nature of the GPC Ml activity.
On the Stability of Helical Morphology in Spiroplasmas Exposed to Selected Cyto-
toxic Agents. H.J. Wilson, V.G. Wilson. University of Alabama in Huntsville,
Huntsville, AL
Even though Spiroplasma citri was first identified more than 10 years ago [1] the nature and
stability ofits spiraling-type morphology remains enigmatic in the absence of firm evidence for
a visible cell wall or defined cytoskeletal system. Earlier [2,3] and more recent works [4,5,6,7]
all present evidence for the presence of cytoskeletal components; however, their arrangement
with respect to a spiral morphology is still unclear. Preliminary results on one possible arrange-
ment for cytoskeletal components is forthcoming [8]. Cultures of S. citri, (strain BR6) grown
on liquid LD-8 medium were exposed to vinblastine sulfate (VB), dimethylsulfoxide (DMSO),
and deuterium oxide (D20) singularly, in combinations, or synergistically, in order to deter-
mine ifthese compounds which are routinely associated with reversible alterations in cytoskel-
etal components such as microtubules and microfilaments, will induce reversible alterations in
the helical morphology of these organisms. The results from these experiments show a reversi-
ble alteration of the helical morphology by all of the compounds. The end results of loss of
helicity is a spherical configuration; however, the spherical configuration is preceded by
nonhelical and doughnut configurations. The transition from helical to spherical morphology
progressed most rapidly in cultures exposed simultaneously to DMSO, VB, and D20 (sucrose
was added to maintain osmotic balance) where >50 percent transformed after 15-30 minutes.
The slowest transition occurred in cultures treated with DMSO only, i.e., 60-90 minutes were
required to reach the 50 percent transformation figure. Upon resuspension of treated
organisms in fresh medium, the filamentous and helical configuration is reestablished as early
as 30 minutes in some organisms. By contrast, cultured organisms suspended in D.H20 require
> 150 minutes to reach the 50 percent spherical index, and these organisms do not establish
viable cultures within +3 days when resuspended in fresh medium as do organisms from
treated cultures. Figures 1 and 2 are micrographs from samples of untreated and treated
cultures, respectively. A recent report [9] and personal communications [RE Davis, 1981; DL
Williamson, 1982] indicate that S. citri responds osmotically when placed in D.H20 by becom-
ing spherical. Results from D.H20 experiments reported here confirm these observations. Ad-
ditionally, compounds known to reversibly alter microtubules and microfilaments have been
FIG. 2. x 22,200.
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successfully used to induce reversible alterations in helical morphology in S. citri. These results
suggest that cytoskeletal components could be involved in maintaining the helical morphology
of spiroplasmas.
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Mycoplasmal Infection of Insect Cell Cultures. T. Steiner, G. McGarrity. Institute
for Medical Research, Camden, NJ
Drosophila melanogaster Dm-1 cell cultures were intentionally infected with A. laidlawii,
M. hyorhinis, M. orale, and M. arginini to determine ifthese mycoplasmas are potential insect
cell contaminants and to evaluate the effectiveness of some detection methods for insect cell
cultures. Dm-i cultures, grown in MIA medium at 25°C, were infected by serially tenfold
diluted broth cultures ofA. laidlawii and M. hyorhinis. The cultures were passaged six times.
At p2 and p5 titers were determined by agar plating and cultures were assayed by DNA stain
Hoechst 33258 (A. laidlawii) or specific immunofluorescence (M. hyorhinis). For this, sam-
ples were inoculated into Leighton tubes containng either 3T6 indicator cells or fresh MIA
medium. After four days of incubation at 37°C and 25°C, respectively, the cultures were
assayed. Minimal infectious doses (MID) were determined.
M. hyorhinis did not grow in Dm-l cultures. A. laidlawii grew without CPE to titers/ml of
1.0 x 107 and 9.9 x 107 at p2 and p5, respectively. At p2 fluorescent DNA staining and im-
munofluorescence after sample inoculation into 3T6 cells were superior to inoculation of MlA
medium and incubation at 25°C. At p5 both detection methods were equally effective with A.
laidlawii. Mycoplasmas could not be detected in the M. hyorhinis-infected cultures. For A.
laidlawii, MIDs of less than 1 CFU were found in two of three experiments. In experiments
with M. orale andM. arginini, chronic infections ofDm-l lines were also obtained at 25°C. No
CPE was observed with these species. However, at 30°C A. laidlawii, M. orale, and M. ar-
ginini killed the Dm-I culture within two to three weeks. M. hyorhinis established a persistent
infection without CPE at 30°C.
The uridine phosphorylase assay (UdR-P) and the uridine/uracil ratio method were tested
for their suitability to detect mycoplasmal contaminants. The UdR-P assay measures the con-
version of radiolabeled uridine to uracil. Generally, mycoplasmas contain UdR-P activity
while mammalian cell cultures lack activity. Seven of eight mycoplasma-free drosphila lines
were negative (3-12 percent); only the I-XII line had a high conversion rate (69.5 percent).
Broth cultures of A. laidlawii, M. hyorhinis, M. orale, and M. arginini were positive (>65.6
percent). Infection of the negative Dm-l line by these four mycoplasma species gave a clearly
positive result only with A. laidlawii (72.3 percent). Mycoplasma infections with the other
strains assayed at incubation temperatures of 30°C and 37°C gave ambiguous percentages
(3-36 percent), although the infection was confirmed by other methods. The uridine/uracil
ratio assay gave false positives in two drosophila lines. Mycoplasma-free Dm-1 and I-VII lines
had ratios of about 10.Twenty-five insect cell cultures from three different orders were assayed for mycoplasmal
contaminations with a series of different assays. One line was found to be infected, an inci-
dence of 4 percent. The organism was identified as A. laidlawii.
Transformation of Spiroplasma: Its Developmental Cycle. Y. Tahama. Hiroshima
Agricultural College, Higashi-Hiroshima, Japan
Spiroplasma citri-Morocco cultured in liquid medium for four months was used in this ex-
periment and it was observed by fluorescent microscope. The spiral form of spiroplasma
readily divided into round bodies and both these spiral and round spiroplasma moved vigor-
ously. The author found that the promotive bodies ofmovement were the round bodies having
a tinge ofgold under fluorescent light in the cell and named them "round brilliant bodies." The
FIG. I. Rounld brilliant bodies: (Ieft) x
3,500, (r' ht) x 23,000.
FIG. 2. Ball-like bodies: (upper left) x
759,000, (upper right) x 151,800, (lower
left) x 2,000, (lower right) x 14,000.
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a pingpong ball-like body.
The spiroplasma assumes nontransparent body, transparent body with outer wall, ball-like,
rod-shaped, or pod-like body, etc. These transformed bodies subsequently make two kinds of
sack: the sack-shaped body, and the bag-like body which gradually disappears in the light.
The spiroplasma assumes a ball-like body in crystal violet solution within five minutes. The
transformation of spiroplasma occurred in the same forms (nontransparent, transparent, and
ball-like bodies) as under natural conditions, when heated in a microwave oven of full power
for 10 minutes.
The author recognized, under natural conditions, that (1) aggregating spiroplasma turned
into a transparent body within 11 days; that (2) when the transforming body was crushed, the
separated particles began to move as a spiroplasma; and that (3) a nontransparent body re-
sumed the ordinary shape of spiroplasma.
The 23,000, 151,800, and 759,000 time-enlarged photographs of spiroplasma and trans-
formed body were obtained from the negative films taken by the fluorescent microscope. It
shows that these organisms consist of dispersed numerous small particles which accumulate
into flocculent bodies and the round body is made ofthe accumulation ofdispersed numerous
particles. It is probable that the flocculent body and round body are fundamental bodies of
spiroplasma itself and its transformed body.
Rheumatic Factor-Negative Arthritis, Especially Ankylosing Spondylitis, and In-
fections of the Male Urogenital Tract. Hans-Gerd Schiefer, Wolfgang Weidner,
Klaus L. Schmidt. Institut fur Medizinische Mikrobiologie; Urologische Klinik;
Klinik fur Physikalische Medizin, Balneologie und Rheumatologie; Justus Liebig
Universitat; Giessen, Federal Republic of Germany
Rheumatic factor-negative arthritides comprise Reiter's syndrome, ankylosing spondylitis,
sexually acquired reactive arthritis, and reactive arthritis associated with localized infections
elsewhere in the body. Histocompatibility antigen HLA B 27 is strongly associated with sero-
negative arthritis.
Rheumatic factor-negative arthritis is frequently correlated with infections of the male
urogenital tract. In Reiter's disease, urethritis is a typical symptom. In patients with ankylosing
spondylitis, chronic prostatitis has often been detected. Until now, the only criterion for
diagnosis of prostatitis had been the finding of high leucocyte numbers in prostatic fluid. No
studies have been done to identify the etiologic agents involved. We now applied diagnostic
procedures recently established for examination of patients suffering from urethritis and pros-
tatitis, for the urological examination of patients suffering from sero-negative arthritis.
In case of balanitis, a swab was microbiologically analyzed for bacteria, mycoplasmas, and
fungi.
In case of urethritis, microbiological analysis of urethral discharge and first voided urine
specimens included isolation and quantitative determination of bacteria, fungi, and myco-
plasmas, and cultivation of C. trachomatis from urethral discharge. Etiologic classification
was based on the following criteria: (1) positive culture ofC. trachomatis; (2) significantly high
numbers of U. urealyticum and/or bacteria, i.e. > 104 CFU per ml of urethral discharge, and
> 103 CFU per ml of first voided urine.
Patients without discharge, and patients suffering from prostatitis, epididymitis (painfully
infiltrated, swollen epididymis), or urinary tract infection were examined according to the
four-specimens technique(Meares and Stamey). The four samples were quantitatively analyzed
for bacteria, fungi, and mycoplasmas. The prostatic fluid was cultivated for gonococci and
C. trachomatis, and the urine after prostatic massage was microscopically examined for T.
vaginalis and granulocytes. Prostatitis was diagnosed when, in the sediment of 3 ml of urine
voided after prostatic massage, at least four granulocytes were seen per microscopic field at
400-fold magnification. Etiologic classification was based on the following criteria: (1) positive
culture of C. trachomatis; (2) significantly high numbers of U. urealyticum and/or bacteria,
i.e., > 104 CFU per ml of prostatic fluid, > 103 CFU per ml of urine voided after prostatic
massage, and < 103 CFU per ml of first voided urine and bladder urine.
In cases of urinary tract infection, all urine samples contained > 105 CFU per ml.
One hundred and forty-six men with rheumatic factor-negative arthritis presented to the
849 FREE PAPERSspecial outpatient department for prostatitis: 97 men suffered from ankylosing spondylitis, 36
from Reiter's syndrome, and 13 from reactive arthritis.
Urogenital infections were found in 74 of 146 men (50.7 percent); three suffered from
balanitis, 14 from urethritis, 49 from prostatitis, one from epididymitis, and seven from
urinary tract infection. Balanitis and urethritis were almost exclusively associated with Reiter's
syndrome; 31 of 37 men with ankylosing spondylitis plus urogenital infection suffered from
prostatitis. The etiologic agent in balanitis was S. faecalis. In case of urethritis, two patients
suffered from gonorrhea, 12 from an infection with C. trachomatis, in four cases combined
with a ureaplasma infection. In cases of epididymitis, C. trachomatis plus U. urealyticum were
isolated from the prostatic fluid. Urinary tract infections were caused by gram-negative
bacteria and enterococci.
Thirty-one of 97 patients with ankylosing spondylitis suffered from prostatitis as indicated
by high leucocyte numbers in the sediment of exprimate urine. According to microbiological
analysis, prostatitis was due in four men to U. urealyticum, in 15 men to C. trachomatis, in one
man to E. coli, whereas in
11 patients an etiologic agent could not be identified.
The pathogenesis of ankylosing spondylitis is still unclear. According to the molecular
mimicry hypothesis, immunological cross-reactivity between microorganisms and HLA B 27 is
responsible for the pathogenesis. An infection of the prostate may be directly involved since
antibodies against prostatic tissue were detected in the sera of patients with ankylosing spondy-
litis.
Does Mycoplasma hominis Play a Part in Acute Salpingitis? K. Lind. Statens
Seruminstitut, Copenhagen, Denmark G.B. Kristensen. Institute of Obstetrics and
Gynaecology, University Hospital, Odense, Denmark A.C. Bollerup. Statens
Seruminstitut, Copenhagen, Denmark P.-A. MArdh. Institute of Medical Micro-
biology, University of Lund, Sweden I. Lind. Statens Seruminstitut, Copen-
hagen, Denmark
We investigated 95 consecutive, hospitalized patients in whom the diagnosis of acute pelvic
inflammatory disease was first considered. In 56 patients the diagnosis was acute salpingitis. In
46 of these, this diagnosis was verified by laparoscopy; 39 patients did not reveal any signs of
current infection of the salpinges and they constituted the control group.
Specimens from cervix and urethra and blood samples were taken on admission and again
after one week. Blood sampling was repeated after two weeks or before discharge. Specimens
were cultured for Chiamydia (C.) trachomatis, Neisseria (N.) gonorrhoeae, Mycoplasma (M.)
hominis, and Ureaplasma (U.) urealyticum in that order. Isolations of ureaplasmas were quan-
titated. Antibodies to C. trachomatis were determined by a microimmunofluorescence test and
antibodies to gonococcal pilus antigen and to M. hominis by indirect hemagglutination tests.
Criteria for the diagnosis "chlamydia-associated" salpingitis (CAS) were(I) isolation of C. tra-
chomatis, or (2) significant change in titer of IgG antibodies to C. trachomatis, or (3) IgG anti-
body titer of .512. Gonococcal salpingitis (GS) was diagnosed by (1) isolation of N. gon-
orrhoeae or by (2) change in titer of antibodies to gonococcal pilus antigen.
Results: 31(55 percent) of the salpingitis cases were CAS and 9 (16 percent) were GS; 6 were
both CAS and GS. In the group of 39 control patients, C. trachomatis was isolated from one
patient and N. gonorrhoeae from none.
M. hominis was isolated more often from CAS cases (73 percent) than from non-CAS (32
percent; p = 0.24 percent) and control cases (41 percent; p = 0.7 percent). In all isolation-
positive cases M. hominis was found both in the urethra and in the cervix.
Antibodies to M. hominis were generally found at a high level in all patients. Fifty-five per-
cent had a maximum titer of 160 compared to 17 percent of 149 randomly selected pregnant
women. If the criterium of a positive M. hominis antibody test was chosen as a titer change
from or to 320 or a titer of
> 1,280, then this "positive" test was found significantly more often
in CAS than in non-CAS patients or control patients. A change in titer was not seen in the con-
trols.
In salpingitis cases, factors known to predispose for salpingitis did not predispose for the
association with a positive M. hominis culture or serology. Nor was this "positivity" related to
the number of previous attacks of salpingitis, to duration of symptoms before admission, or to
severity of disease.
850 FREE PAPERSConclusion:C. trachomatis seems to have been a causative agent in 55 percent of acute sal-
pingitis cases while N. gonorrhoeae seems to have caused salpingitis in 16 percent. We found
no evidence that M. hominis played any etiological part in the salpingitis cases,and the same
was true for U. urealyticum. However, there was a significantlyhigher prevalence of M.
hominis-positive culture and serology in CAS cases.
Clinical Spectrum of Mycoplasma pneumoniae Infection During an Outbreak
Among Kampuchean Refugees in Chanthaburi Province, Thailand. A. Su-
konthaman, M. Ratanavararak. Faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand J.D. Freeman. Thailand Baptist Mission, Thailand
From late 1979 to early 1981 there was an epidemic of respiratory infections among the
16,000 Kampuchean refugees in the Kamput Holding Center, Chanthaburi Province,
Thailand. These infections were characterized by bronchitis, otitis, and atypical pneumonia
syndrome and were subsequently accredited to Mycoplasma pneumoniae. Once Mycoplasma
pneumoniae was identified as the causative agent, a search had to be carried out for individuals
suffering from extrarespiratory manifestations of this bacteria. This search yielded a large
number of cases, some of which exhibited both respiratory and extrarespiratory symptoms,
and among which all of the classic manifestations ofMycoplasmapneumoniae infection were
represented.
In this report we have selected case studies which illustrate eight of these classic manifesta-
tions with particular clarity. All of these cases have been positively identified as M. pneu-
moniae inorigin through serotyping. Theeight manifestations represented are: (1) Respiratory
manifestations: Case 1. Flu-like illness. Male, 20 years old. 9 December 1980: fever, chill,
nausea, myalgia. Malaria smear negative. 20 December 1980: Tetracycline given. 22 December
1980: afebrile. Serology(23 and 27 December 1980, 10 January 1981) CA 1:32, 1:32, 1:32; IgM
1420, 1935; CF 1:64, 1:64, 1:512. Case2. Pneumonia,jaundice, andmesenteric adenitis. Male,
12 years old. 28 October 1980: fever, weakness, anorexia, cough, and vomiting. Crepitation left
lower chest. Tenderness right upper abdomen. Malaria negative. Sputum AFB negative. Chest
X-ray: Fluffy infiltrates radiating from the hilar area. Bl. exam. (28 October 1980) Hct 31 per-
cent, Wbc 16,000, P76 percent L18 percent M3 percent E2 percent Bl percent Remained
hospitalized for abdominal pain; developedjaundice, tenderness, and enlarged liver. Suspected
of retrocolic appendicitis, hepatitis, and cholangitis. 18 November 1980: exploratory laparotomy
was performed; only abnormality was mesenteric adenitis. Made an uneventful recovery with-
out specific antibiotic treatment. Serology (3 November 1980 andI January 1981) CA 1:16,
ND;IgM 398,400; CF 1:128, 1:128. (2) BullousMyringitis: Case 3. Female, 24 years old.11
August 1980: headache, sore throat, low-grade fever, otitis left. Treated with ampicillin.
August to December: persistent otitis left with occasional cough, fever, and generalized ar-
thralgia. 4 December 1980: developed cough and painful right ear. Right tympanic membrane
was red with bullous formation. Chest was normal. Serology (6 November 1980 and 31 De-
cember 1980) CA 1:32, Neg;IgM 331, 193, CF 1:64, 1:128. (3) Lymphadenopathy: Case 4.
Female, 48 years old. 5 November 1980: enlarged (2 x 1.5 cm), tender right supraclavicular
lymph node for five days. Chest X-ray was normal. Bl. exam. Hct 33 percent, Wbc 4,650, P51
percent, Band 2 percent, L35 percent, M3 percent, E9 percent. Treatment with erythromycin
for seven days. Node shrunk slowly over the next four months. Serology (5 November 1980)
CA 1:16; IgM 405; CF 1:1025; Bedside CA+. (4) Stevens-Johnson Syndrome: Case 5.
Female, 60 years old. Fever and took aspirin five days prior to admission. Developed large
hemorrhagic bullous lesions on all extremities and to a lesser extent on the body. Serology (16
October, 19 November, and 30 December 1980) CA 1:256, 1:256, 1:16; IgM 291, 195, 201; CF
1:32, 1:256, 1:256). Treated with erythromycin; within five days the temperature was normal
and the lesions had healedgradually. (5) Arthritis and(6) anemia: Case 6. Male, 17 years old.
16 November 1980: grossly swollen right knee. Aspiration produced serosanguinous fluid.
X-rays showed destructive tibial surface lesion. Chest X-ray normal. Treated as tuberculosis 13
December 1980. Readmitted with swollen, tender right elbow and ankles. Brought to provin-
cial hospital where only right knee showed swelling. Aspiration yielded no fluid. Tuberculin
- test negative. ESR 72 mm/hour. 25 December 1980, Open biopsy of knee under general
anesthesia showed no significant results. Twodays later, becamepale, dyspnea, vomiting, and
shortly after he expired. Cause of death thought to be hemolytic anemia. Serology (18
November 1980 and 8 December 1980) CA 1:128, ND; IgM 480, ND; CF 1:64, 1:512. (7)
851 FREE PAPERSCNS manifestation: Case 7. Female, 18 years old. 7 October 1980, admitted after two months
of fever, numbness and weakness of the legs, and, on at least one occasion, unconsciousness.
She was alert and afebrile on admission though she later had occasional difficulty in speaking.
Examination revealed symmetrical weakness of both legs but no muscular atrophy. She was
diagnosed as beri-beri but did not respond to treatment. 22 October 1980; bedside CA test
showed strongly positive cold agglutinins. Her condition remained unimproved despite treat-
ment with erythromycin. Serology (22 October, 20 November, and 30 December, 1980) CA
1:64, 1:64, 1:8;IgM 440, 490, 370; CF1:32, 1:128, 1:64. (8) Tuberculous-like manifestation:
Case 8. Female, 13 years old. 19 January 1981: fever, cough, hemopysis for several weeks.
Chest X-ray revealed chronic pneumonitis with bronchiectasis both sides. Tuberculin test:
nonreactive, sputum smear, AFB negative three times. She was treated with antituberculous
drugs but showed no improvement. Serology (2 February 1981 and 15 March 1981) CA 1:64,
1:32, CF 1:128, 1:512.
(ND = Not Done)
Bone, Joint, and Tendon Abnormalities in Poultry Following Infection with Myco-
plasma iowae. Janet M. Bradbury, Janet D. McCarthy. University of Liverpool
Veterinary Field Station, 'Leahurst,' Neston, Wirral, England Aini Ideris. Uni-
versity Pertanian Malaysia, Serdang, Malaysia
Mycoplasma iowae, originally designated Iowa 695, has been isolated from commercial
poultry in the U.S.A. and the U.K. but its pathogenic status is not fully established. Earlier
workers reported that, in experimental infections, some strains of this mycoplasma caused
mortality in embryos, airsacculitis in turkeys, and tenosynovitis in the inoculated limbs of
chickens and turkeys.
This paper describes pathogenicity studies in chicks and turkey poults using five strains of
M. iowae. Four of these strains had been isolated recently in the U.K.
Mycoplasma-free chicks and poults were infected at one day of age via the right foot pad and
right thoracic air sac. They were examined over a six-week period for clinical signs. At three
weeks and six weeks half the birds in each group were killed for postmortem and cultural ex-
amination. Serum samples were collected at six weeks and were tested by the rapid agglutina-
tion test for antibodies to M. iowae.
Infected chicks appeared clinically normal throughout the six weeks except that a few of
them were undersized, and some showed a loss of ability to move the digits. Swellings were
noted posteriorly above and below the hock joint. On postmortem examination a brownish
gelatinous exudate was found between and around the tendons which were edematous and
swollen. There was a low incidence of rupture of the digital flexor tendons, and in one chick
there was erosion of the articular cartilage of both hock joints.
Turkeys were more severely affected than chicks, many of them showing depression, marked
stunting, poor feathering, and leg weakness associated with a variety of bone abnormalities.
These included chondrodystrophy, splayed legs, and deviated toes. Postmortem examination
of the legs revealed excess fluid in the hock joint cavity and around the tendons in many poults,
and there was also erosion of the articular surface of the tibiotarsus in several birds.
There was an apparent difference in virulence among the five strains, the same three strains
giving rise to the most severe lesions in both species of bird. Mycoplasma isolations were only
sporadic and did not necessarily correlate with the lesions. Serum agglutination tests were
negative for M. iowae antibodies with the exception of one chick serum which gave a weak
reaction.
Although there are a number of mycoplasmas with the potential to cause arthritis and
tenosynovitis in various animal species, M. iowae appears to be the first mycoplasma to be
associated with tendon rupture.
Cultivation as a Tool for the Demonstration of Mycoplasma suipneumoniae in
Swine Herds. N.F. Friis, A. Meyling. State Veterinary Serum Laboratory, Copen-
hagen, Denmark
During 1979-1980, 949 swine lungs from 383 herds, mainly with SPF status, wereexamined
for Mycoplasma suipneumoniae by cultivation in ordinary medium and in selective medium
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[Friis: Acta vet scand 20: 607, 1979]. Identification of isolates was done by Disc growth inhibi-
tion using antiserum for M. suipneumoniae and M. flocculare. Additionally, 470 of the lungs
from 243 herds, and with distinct consolidated areas, were examined by indirect immuno-
fluorescence using antiserum for M. suipneumoniae. By cultivation, 188 lungs (19.8 percent)
from 114 herds (29.8 percent) yielded M. suipneumoniae; further, 68 isolates were identified as
M.flocculare and 314 as M. hyorhinis. By immunofluorescence, 126 lungs (26.8 percent) from
78 herds (32.1 percent) were positive for M. suipneumoniae.
Of the 470 lungs examined by both cultivation and immunofluorescence, 169 (36.0 percent)
were positive in one or both tests (in table). Agreement between the results of the two tech-
niques was found in 405 cases (86.2 percent) and the relative sensitivity for detection ofM. sui-
pneumoniae was 87.0 percent [(100 x 147)/169] by cultivation and 74.6 percent [(100 x
126)/169] by immunofluorescence. Of the positive lungs, 61.5 percent were diagnosed in both
tests; none of the methods is therefore satisfactory alone.
Immunofluorescence
pos.
neg.
pos.
neg.
Total
104
43
22
301
% of 169positives
61.5
25.4
13.0
Of the 188 isolates of M. suipneumoniae, 32 (17 percent) were obtained from the selective
medium despite the presence of M. hyorhinis to a higher titer. For M. flocculare this was the
case with 11 of 68 isolates (16.2 percent); (not in table).
Endpoints of growth for M. suipneumoniae and M. flocculare are given below.
Ordinary medium Selective medium
M. suipneumoniae
M. flocculare
10 02 103 104 JOS 106 10'
5 27 36 29 23 36 2
4 11 12 14 11 5 1
The cultivation of M. suipneumoniae and M. flocculare has been related to the gross
pathology of the lungs concerned.
Lungs examined
M. suipneumoniae
isolated
M. flocculare
isolated
Pneumonia Doubtful
No. T % T %
949 558 58.8 179 18.9
188 160 85.1
Normal
T %
192 20.2
21 11.2 6 3.2
68 22 32.4 14 20.6 31 45.6
Not recorded
T %
20 2.1
1 0.5
1 1.5
As appears, 85 percent of the isolates ofM. suipneumoniae were from lungs with distinct le-
sions of pneumonia, while this was the case with only 32 percent of the isolates of M. floccu-
lare. This difference is statistically significant (p < 0.001). The percentage recovery from nor-
mal lungs was 3 and 46, respectively (p < 0.001). These results may reflect a difference in
pathogenicity between the two mycoplasmas, with M. suipneumoniae as the more pathogenic
species.
The isolation rates of M. suipneumoniae and M. flocculare from various age groups are
given below.
839 lungs
M. suipneumoniae
T
1-2 3-4 5-6
21 97 178
0 8 31
0 8.2 17.4
Age in
7-10
260
44
16.9
weeks
11-15
105
16-26 >26
40 139
22 14 59
21.0 35.0 42.4
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Cultivation
pos.
pos.
neg.
neg.
102 103 104
7 10 13
4 3 3Age in weeks
1-2 3-4 5-6 7-10 11-15 16-26 >26
T 0 1 5 18 15 9 17
M.flocculareag, 0 1.0 2.8 6.9 14.3 22.5 12.2
512 pneumonic lungs 13 69 122 145 57 20 86
suipneumoniae T 0 7 24 32 17 13 56 M. 0/0pneumonlae 0 10.1 19.7 22.1 29.8 65.0 65.1
It appears that both species can be found from three weeks, though with increasing fre-
quency up to six months. It seems that the spread ofmycoplasma among young swine increases
with age, but the findings in the 512 pneumonic cases also indicate that pneumonias among
swine not related to M. suipneumoniae is occurring with high frequency in the younger age
groups.
Preliminary Studies on the Indirect ELISA Test in Examining Chicken, Turkey, and
Quail Sera for Antibodies to Avian Mycoplasmas. F.T.W. Jordan, Amal Mustafa.
University of Liverpool, Veterinary Field Station, 'Leahurst,' Neston, Wirral,
England
The most commonly used tests for the routine examination of the sera of chickens and
turkeys for antibodies to Mycoplasma gallisepticum (Mg), M. synoviae (Ms), and turkey sera
for M. meleagridis (Mm) are the agglutination and hemagglutination inhibition tests. How-
ever, because they sometimes give false positive and negative reactions and because the rapid
serum agglutination test fails to detect antibody to M. iowae (Mi) infection of turkeys, it was
thought worthwhile to examine the value of the ELISA test for these purposes, using chicken,
turkey, and quail sera.
A number of factors can influence the specificity and sensitivity of the indirect ELISA test
for the detection ofantiserainvolving mainly attachment ofantigen to the solid phase and non-
specific reactions between reactants or their non-specific attachment to the solid phase or each
other.
In an initial study of optimal conditions the following were included: (1) microtiter polysty-
rene plates from three manufacturers and (2) antigens prepared from Mg (PG 31), Ms (WVU
1853), Mm (17529), and Mi (695). Wells were coated for each using protein concentrations of
2-128 sg/ml; and incubation periods and temperatures of 1, 2, and 24 hours at0-10°C, 20°C,
and 37°C. (3) Antisera for the respective mycoplasmas were prepared in SPF chickens,
turkeys, and quail while sera from the respective SPF stock were used as negative controls.
Dilutions of sera from 1/50 to 1/1600 were used. Field sera from turkeys were also tested. (4)
The conjugate (antispecies gamma globulin) was horseradish peroxidase, used at twofold dilu-
tion of 1/200 to 1/800 with a substrate of orthophenylene diamine.
Constant features in the study were the incubation temperature and period following the ad-
dition of antiserum (37°C, 30 minutes), conjugate (37°C, 30 minutes) and substrate (room
temperature, 45 minutes).
Results were read on arecording multiscan spectrophotometer. Results are available only for
chicken and turkey sera. With experimental sera, optimal results were obtained with: (1) flat-
bottom polystyrene plates of one manufacture; (2) antigen concentrations of 16 tg/ml for Mg,
32 sg/ml for Ms, and 64Ag/ml for Mm and Mi and coated to the solid phase at 0-4°C for 24
hours, or 20°C for 2 hours or 37°C for 1 hour; (3) serum dilutions of 1/50-1/200; and (4) con-
jugate dilutions of 1/200-1/400.
Field sera from commercial turkeys, examined for antibodies to Mm and Mi, gave some
false positive reactions for Mm and for Mi and false negative reactions for Mi. The precise
cause of these results is not known but certain of the simpler procedures for minimizing them
were tried, including (a) treating the solid phase with fetal calfserum before attachment ofan-
tigen, washing with bovine calf serum after antigen coating, or coating with antigen twice, and
(b)using the alkaline phosphataseenzyme system withconjugate. Earlyresults with turkey sera
have shown that these measures are not satisfactory.
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